. i
oot nee - aE o RB No. L4H10a

D it 1 L

WARTIME REPORT

November 1944 as
Restricted Bulletin L4H10a

FLIGHT INVESTIGATION AT HIGH MACH NUMBERS
OF SEVERAL METHODS OF MEASURING STATIC
PRESSURE ON AN AIRPLANE WING

By John A. Zalovcik and Fred L. Daum

Lengley Memoriel Aeronautical Laboratory
Langley Field, Va.

NAC ..

LAN - A LLJRARY

. GLEY MEMOF‘LAL AERO .

_ s LN NA.UI‘
WASHINGTON LABORATORY AL
. ' Langiey Field, Va,

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-

viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

L - 90




3 1176 01364 2080

]

NACA RB No. ILH10e
NATIONAI, ADVISORY COMMITTEE FOR AERONAUTICS

FLIGHT INVESTIGATION AT HIGH ﬂAGH NUMBERS
OF SEVERAL METHODS OF MﬁASURING STATIC
PRESSURE ON AN AIRPLANE WING
By John A. Zalovecik and Fred L. Daum

SUMMARY

A flight investligation was made to compare statilc
pressures in subsonic and supersonic flow over an alr-
plane wing as measured by static-pressure tubes, a
static-pressure belt, and orifices flush with the wing
surface, The measurements were made on the upper surface
of the wing of the P-L47D airplane over a range of flight
conditions in which local Mach numbers from 0.3l to 1l.41
were obtained at the measurement stations. For some of
the tests, a total-pressure tube was mounted on the wing
surface to determline its characterlistlics 1n supersonic
flow,.

The results indicated that statlic-pressure measure-
ments obtalned with sultably designed and lnstalled flush
orifices, statlc-pressure tubes, and static-pressure belt
wlll be 1n reasonable agreement for both subsonic and
supersonic flow.

The pressures in supersonlc flow measured by the
total-pressure tube mounted on the wing surface were
found to be 1n close agreement with values predicted by
theory.

INTRODUCTION

The installation of static-pressure oriflces flush
with the surface of some part of an airplane for the
measurement of pressure distribution may not always be
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rracticable. Statle-pressure tubes and statisc-pressure
belts are two other mesns that have been used to some
extent. The validity of the pressure measurements
obtained by these means 18 questionable, however, because
of the possibility of effects due to misalinement with
the local air flow and, at high speeds, premature shock
formation on the static-pressure tubes end belt.

The purpose of the present investligation was to
obtain a comparison of static-pressure measurements made
by means of orifices flush with the surface, static-
pressure tubes, and a static-pressure belt in subsonic
and superscniz flow over the upper surface of an alrplane
winzg. As en Incidental phase of the investigation, a
comparison was also obtalned of the pressure measure-
ments made bty means of a total-pressure .tube mounted
above the wing surface outside the boundary layer wlth
measurements made by means of the total-pressure element
of an alrspeed head mounted ahead of the alrplane wing.
Measurements were made in stralght fllight and in turms
at airplane Mach numbers from 0.25 to 0.78 and at 1lift
coefficients from 0.1C to 0.68. A ¥-L7D sirplane was
used for the tests.

SYNBOLS
P static pressure
total pressure
Qe local i1mpact pressure outside boundary lajyer
(8o - Pg)
x distance along chord from leading edge
8 distance along surface from pressure station
e chord
¥ local Mach number determined by q, and p

g ecceleration of gravity
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Subseripts:

o  free stream " T " |
T at flush orifice

b at belt orifice

t at static-preésure tube or total-pressure tube.

o

at alrspeed head
APP ARATUS

The Investigation was conducted on a sectlon of
the left wing of a P-47D airplane at about 63 percent
semispan from the plane of symmetry. The wing of the
P-47D airplene incorporates Republic S-3 airfoll
sections, which have pressure-dlstribution character-
1stice similar to those of the NACA 23C-series sections.
The test sectlon was smoothed and falred by filling and
sanding over the forward 35 percent chord on the upper
surface and over the forward 10 percent chord on the
lower surface. 7In the first flight, the upper surface
developed a crack at the leading edge of the ammunitlion-
compartment door (at 11.5 percent chord) and could not
be kept smooth and unbroken in subsequent flights.

The installatlion and locatlon of the flush orifices,
the statlic~pressure tubea, and the statlc-pressure belt
on the upper surface of the wing are shown 1n figures 1
and 2, The flush orifices were located at 15.7, 19.l,
and 2);.8 percent chord along the center line of the test
panel. Some tests were made with the surface contour
around the orlfices at 15.7 percent chord modlfled
8lightly by filing down the orifice and the adjacent
surface. The change In contour, which extended about

lﬁ-inches inboard and outboard of the orifices, 1s shown

In figure 3. The pressures measured by the flush orifices
were referenced to the static pressure measured wlith an
airspeed head mounted 1 chord ahead of the leading edge
near the wing tip.
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One of the statio-pressure tubes tested is shown in
combination with a total-pressure tube in figure h. This
combination was design=d for use in locating the position
of transition from laminer to turbulent flow 1n the
boundary layer. In tha present tests, the total-pressure
tubes of the comblnations were not used. The static-
pressure tubes were 1/3 incn in outsids dismeter and had
six orifices equally snaced around the neriphery at

1&-1nches (10 tube dlam) downstream from the hemispherical
end and 3&-1nches upstresr from the first supporting

bracket. The statlc-pressure tubes were stationed so
that their orifilces wsre et 15.7, 19.4, and 2...8 per-
cent chord on the uprer surface of the test sectlion.

The axes of the tubes were railsed 1/, inch above the

wing surface excent thai, f>r some tests, tne tube at

19.4 percent chord was rlacad in contact with the surface.

The upstream or static-pressure tube 1 was 6% inches
inboard of the row of flush orifices and tubes 2 and 3

were h& and 1%-1nches inboard of the flush orifices,

respectively.

The belt, which is shown in cross section in fig-
ure 2, wes made up of five Saran (vinylidene chloride)
tubes 1/8 inch 1in outside diameter placed side by side
and cemented to the wing surface. Flller was used
between the adjolining tubes to provide a flat surface
and next to the end tubes to faelr the belt into the wing
surface. A final finlsh was obtained by cementing fabric
over the tubes and over several lnches of the wlng sur-
face on either side of the belt, applying cement to the
outside of ths fabric, and then sanding the belt smooth.
The boelt extended from 15 percent chord on the lower
surface, around the leading edge, to 35 percent chord
on the upper surface. The center of the belt was

hi-inches outboard of the flush orifices. The orifices

in the static~pressure belt were placed at the same
chordwise locations as the flush orifices and the
orifices in the static-pressure tubes. The arrangement
of the belt orifices is shown in figure 2. The pres-
sures measured by the static-pressure belt and the
statlc-pressure tubes were referenced to the pressures
measured with the flush oriflices at corresponding chord-
wise locatlons.
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Total-pressure measurements in the flow over the
wing were made with the tube shown in figure 5. The
tube was made of copper tubing 1/8 inch in outside
dismeter with a wall thickness of 1/32 inch. For the
tests, the total-pressure tube was located at 19.l per-"
cent chord in place of static-pressure tube 2 and, at
this location, was set 1 inch above the wing surface
in order to clear the bowndary layer for all test con-
ditlions. Total-pressure measurements were obtalned with
statlc~pressure tube 1 in place or removed. The pressurse
measured by the total-pressure .tube was referenced to the
total pressure measured by the alrspeed head mounted shead
of the wing near the tip.

All pressures were recorded by.sn NACA multiple
recording manometer.

Surface-curvature measurements were made in the
vicinity of the static-pressure tubes and the static~
preasure orlifices in the wing and belt by means of a
curvature gage of the type shown in figure 6. The
dlstance between the legs of the curvature gage was

75-1nches. The measurements are presented in flgure 7
as a plot of gage deflection against distance ahead of

and behind the location of static-pressure orifices in
the wing, belt, and static-pressure tubes.

TESTS

Tests were made in stralght flight at altitudes from
12,000 to 25,000 feet at indicated alrspeeds from 150
to 10 miles per hour. Tests were also made in turns

1%3 to h%‘-g at an altltude of 20,000 feet at indicated

alrspeeds from 310 to 375 miles per hour. The flight
Mach numbers ranged from 0.28 to 0.78 and the airplane
11ft coefficilents renged from 0.10 to 0.68. The local
Mach number of the flow over the wing ranged from 0.3l
to 1.41 at the chordwise stations where the pressure
measurements were made.

PRESENTATION OF RESULTS

The results of the inveatigation are presented in
figures 8 to 10. In figure 8, the difference between
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the pressure measured ky the static-pressure tubes Py

and the pressure measur2d by the corresponding flush .
orifices P a8 a fraction of the local impact pressure

at the flush orifices outside the boundary layer qof is

plotted sgainst the losal Mach number at the flush
orifices Mp. In figure 9, the difference between the

pressure measured by the belt orifices pyp and the
pressure measured by the corresponding flush oriflces

P 18 simllarly plotted except that for x/c = 0.157 in
tgst 1, for which no dats were obtained with the flush
orifice, the pressure of the static-pressure tube was
used as a basis for comparison. The difference between
the pressure measured by the total-pressure tube on the
wing Hy and the pressure measured by the total-pressure

element of the alrspeed head Hy as a fraction of
Qop 1s plotted against My in figure 10, The theoretical

loas in total pressure, computed by the method in refer-
ence 1, is given in figure 10 for comparison.

DISCUSSION OF RESULTS

Statlc-Pressure Measﬁrements

The results shown in figure 8 indicate that, at
subsonic velocities, the pressures measured by the
statio-pressure tubes were about equal to those measured
by the flush orifices at x/c¢ = 0.157 and 2 to 3 percent
of the local impact pressure higher than the pressures
maasured bg the flush orifices st x/c¢ = 0.19

= 0.2, In translition frow subsonic to supersonic
flow, the pressures measured by the tubes relative to
those measured by the corresponding flush orlifices
appeared to decrease in all cases by 2 to L percent
of the local impact pressure. For static-pressure tube 1,
this decrease occurred at a local Mach number slightly
greater than 1. 1In supersonic flow, the pressures were
generally lower for static~pressure tubes 1 and 2 but
higher for static-pressure tube 3 than the 'pressures
measured by the corresponding flush orifices. Data at
local Mach numbers between 0.97 and 1.20 for tubes 2
and 3 were obtained only as a normal shock wave passed
over the chordwlse stations where the measurements were
made. The position of the normal shock wave varied
across the span of the wing, however, wlth the result

e —— e - e e -
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that the flush orifices and the statie-pressure tubes
were in different stages of a steep pressure gradlent
assoclated with shock. The data obtained under this

condition are not included in figure 8. Some of the

values immediately below a local ¥ach number of 1 in

figure 8 were obtained with shock ocourring upstream

of the measurement station.

The variation with chordwise location of the
differences between the pressures measured by the
static-pressure tubes and the flush orifices may be
dve to differences in alinement of the tubes wlth
local alr flow, to differences in the surface contour
at the flush orifices and the tubes (fig. T), or to
differences in the extent to which the tubes were sub-
merged in the bouwndeary layer. In an attempt to deter-
mine the effect of differences in surface contours, a
test was made with the surface around flush orifice 1
filed down (figs. 3 and 7). Although the results of this
test (fig. 8) were not conclusive, a tendency for the
modified orifice to measure higher pressure than the
original orifice was indicated. The thickness of the
boundary layer at 15.7, 19.l4, and 2,;.8 percent chord
was estimated to be sbout 0.15, 0.25, and 0.35 inch,
respectively. These estimates were based on boundary-
layer measurements made in other tests at an inboard
station and on the assumption that trensition from
laminar to turbulent flow occurred at the leading edge
of the ammunition-compartment door. In order to inves-
tigate the effect of the locatlion of a static-pressure
tube in the boundary layer on the pressure character-
istles of the tube, a test was made with statlc-pressure
tube 2 placed 1n contact with the surface. The results,
which were obtained only in subsonlec flow, show that the
statlic pressures measured with the tube in contact with
the surface agreed with pressures measured with the
tube 1/l inch above the surface.

A comparison in figure 9 of the statlec pressures as
measured by the static-pressure belt end the flush
orifices shows dlscrepancles in some cases, particularly
for inboard belt orlifice 1, between different tests made
under the same flight conditions. This effect was
probably due to the fact that the fabric which formed
the surface of the belt was not adequately cemented to
the tubes end became detached around the belt orifices
during the course of the tests. Only the results obtalned
with the outboard belt orifice 1 and inboard belt
orifice 2, where this conditlon spparently did not occur,

- = - e em e B ememm s s e s s mn e e e o e e . b M R e - g b e e m et o = e Sm = w—————— e ——
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and the results of earlier tests for the other belt
orifices should be considered as representative of the
characteristics of a sulitably constructed belt. For
these cases, the difference In pressures measured by
the belt and flush orifices was less than 3 percent of
the local impact pressure and showed no large change
in the transition from subscnlcec to supersonic flow.
The comparison 1s subject to the same consideration of
the effect of surface contour at the belt and flush
orifices as iIn the case of the static-pressure tubes.
Data for local Mach numbers between 0.97 and 1.20 are
not included In figure 9 for reasons previously dis-~
cussed.

The results in figures 8 and 9 gensrally indicate
that the pressure measurements obtalned by means of
the static~pressure tubes and belt, if discrepanciles
dus to faulty belt constructlion are discounted, were
reasonably accurate. The critical Mach number deter-
mined by either of thess methods, for example, would
probably be correct within 2 percent. These results
may not apply, howevar, to arrangements of static-
pressure tubes having orifices located at different’
distances (in tube diam) from the nose end supporting
bracket or to static-pressure belts of greater thiclmess
or width in relatlion to the size of the wing than the
belt used in this investigatlon.

Total-Pressures Measurements

The pressures measured by the total-pressure tube
on the upper surface of the wing in subsonic flow were
found to agree with the pressure measured by the total-
pressure olement of the mirspeed head, as indicated in
figure 10. In supersonic flow over the wing, however,
the total-pressure tube on the wing measured a pressure
that was lower than the pressure measured by the air-
speed head by sn smount which increased with local Mach
number. This difference in total pressures, due to the
formation of a normal shock weve Just ahead of the mouth
of the tube mounted on the wing, is 1n close agreement
with that computed from the theory of reference 1.

—— g g Pmw— = P = pue = meinw -
PR P .
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CONCLUSIONS

e R .

A Flight investigation of sevéeral methods of
measuring static pressure and of the characterlstics of
a total-pressure tube in supersonic flow has indicated
the following results:

l. The pressures measured by the static-pressure
tubes on the upper surface of the wing in subsonic flow
agreed within 3 percent of the local lmpact pressure
with the pressures measured by the flush orifices. 1In
transition from subsonic to supersonlc flow, the pressures
measured by the statlc-pressure tube relative to those
measured by the flush orifices decreased by 2 to l percent
of the local impact pressure.

2, Some results of the tests with the statlec-
pressure belt were influenced by effects due to faulty
construction of the belt. In other cases, however, the
pressures measured by the belt agreed within 3 percent
of the local impact pressure with the pressures measured
by the flush orifilces.

3, The total-pressure tube located outside the
boundary layer on the upper surface of the wing measured
pressures 1n supersonlc flow that were 1n close accord
with the values predicted by theory.

Langley Memorlal Aeronautical Laboratory
National Advisory Committee for Aeronautics
Iangley Fleld, Va.
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Figure 1.~ Installation of static-pressure
belt and static-pressure tubes on test
panel.
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anure 8.— Comparison of pressures measured by
static-pressure tubes and flush orifices.
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